New composite boards with low-thermal conductivity produced from a mixture of powder Typha leaves and a binder as gum arabic have been developed. The goal of this paper was to investigate the effect of binder content on compressive strength and thermal properties of typha panels. The results showed that the panels with a binder content of 33.33-50 % had the thermal conductivity values ranging from 0.055 to 0.083 W.m -1 .K -1 , which was close to that of many natural insulating materials. The compressive strength values obtained were comparable to those of the lime -hemp concrete. This study showed that typha possesses interesting capacities of insulating and its combination with gum arabic contributes to the improvement of thermal comfort, to the reduction of the energy consumption as well as to the emissions of CO2.
Introduction
The building sector including the construction remains one of the major concerns of developing countries. Heating and cooling in buildings and industry account for about 40% of the world's energy consumption, according to the International Energy Agency (IEA), 70% of which comes from fossil fuels. In Senegal 65% of the energy consumption in the industrial sector comes from cement plants according to the Energy Information System of Senegal. From the point of view of CO2 emissions, the building sector remains one of the main sectors transmitters greenhouse gases. Saving energy is an important issue because of economic and environmental concerns. On this point to contribute to the requirements of COP21 to reduce CO2 emissions, the use of thermal insulation is regarded as one of the most efficient energy improvements in buildings and means of energy conservation in buildings. As the largest building component, the thermal insulation materials play an important role in achieving buildings' energy efficiency [1] . In construction, crude oil is the main source of raw material used in the production of synthetic insulatings (polystyrene, polyurethane, glass and rock wool etc.), which are widely used in thermal insulation of building structures [2] , [3] , [4] . However, the construction market is still dominated by synthetic insulating materials. Thermal insulating materials available in the local market are relatively expensive and until now are narrowly used by local contractors and small-size entrepreneurs [5] . Most synthetic insulation comes from non-renewable resources, expensive ones and their manufacturing process requires a lot of energy. To contribute to the reduction of energy consumption and the protection of the environment, it is therefore necessary to find new materials based on vegetable fibers which can substitute for conventional non-renewable reinforcing materials [6] . A great advantage of the insulation based on natural fibres is not only a low value of thermal conductivity but also the natural character of input fibres. Natural materials are easy to renew, locally available, their use for the production of construction materials greatly reduces the energy demands and are easily recycling and are lower cost [7] , [8] . Several studies have been carried out on the use of vegetal fibers as thermal insulation materials [9] . The molding conditions, i.e. binder type and binder content, have an important influence on board density, mechanical and heat insulation properties. Chikhi et al. [10] investigated the effect of date palm fibers (DPF) on thermal conductivity, water absorption and mechanical properties of gypsum based materials. It was concluded that this new kind of bio-composite exhibits good thermal and mechanical performances which allow it to be applied as thermal insulation materials. S. Tangjuank [11] studies the properties of thermal insulation produced from pineapple leaves using natural rubber latex as a binder. He obtained a thermal conductivity of 0.035 W.m -1 .K -1 for density of 210 kg/m 3 . Agoudjil et al. [12] carried out an experimental investigation on the thermophysical, chemical and dielectric properties of three varieties of date palm wood and was confirmed that the date palm wood is a good candidate for the development of efficient and safe insulating materials. This study deals with the use of Typha australis fibers to make a building material gum arabic binder. R. K. Bozabe et al. [13] studied the valorization of the use of gum arabic as a binder by substituting cement for the manufacture of micro-concrete tiles. They showed that compared to the cement, rubber has interesting characteristics; it improves the tensile and bending strength of tiles. Typha or narrow-leaved cattail is a marginal weed which is occured in tropical area [14] .Cattails rapidly spread via seeds and roots. In very short time it takes over water areas. It is usual to see ponds that are completely surrounded by cattails. It spreads rapidly over the areas and affecting other crops. So, abundant amount of it forced one to find its usefulness in insulation applications [15] . Luamkanchanaphan et al. [13] studied study physical, mechanical and thermal properties of insulation boards prepared from narrow-leaved cattail fibers by using Methylene Diphenyl Diisocyanate (MDI) as a binder. Their test results showed that the insulation boards had good physical and mechanical properties and thermal conductivity values of the board with a density of 200-400 kg/m 3 were less than that of fibrous materials and cellular materials. Diatta et al [16] showed in their study that the addition of typha fiber on concrete has improved its thermal properties. Ponnukrishnan et al. [17] studied the mechanical characterization of Tyhpa Domingensis natural fiber which reinforced polyester composites and they showed that the increase in the volume fraction of fiber decreases the density of the panels and increases the tensile strengthThe scope of the paper is to valorize a 100% vegetable insulation material based on typha australis leaves powder and a binder in gum arabic to reduce the energy consumption in the building. In this order, the influence of binder content on mechanical and thermal properties of panels with and without humidity were studied. Compressive strength, thermal conductivity and thermal effusivity are examined.
Experiment
The test panels were made with powder obtained from powder Typha leaves and gum arabic as binding material.
Materials
The binder used here is gum arabic Figure 1 . Gum arabic comes from a tree called acacia and is available in the market as crystals or powders. The density of gum arabic was 515 kg.m -3 . The moisture content of gum Arabic was 16.5 %. Crystals of gum arabic were immersed for a few days in water before being mixed to obtain a viscous liquid that sticks. The mass ratio between the binder and water (G / E) was taken to be 1: 2. The leaves of typha australis used were extracted in the zone of Niayes in Dakar. They were dried under the sun for three weeks before being cut into small pieces. After cutting, the sheets were thus transformed into powder by a disk mill ( Figure 2 ). The results of the granulometric analysis of the Typha used are illustrated in Figure 3 . The density of typha material was 128.4 kg.m -3 . The average moisture content of typha material determined by weighing of typha sample before and after drying for 24 h at 105 °C was found 12.24%. 
Preperation of samples
Experimental mixture consisted of powder of typha leaf, of binder of gum arabic and water. Samples were made by mixing typha material with the binder material in the beater during 5 min. The mixture was malaxated using a mixer type E095. The mixer had specific speed of 62 and a capacity of 5 L. The mass composition of the different samples is given in Table 1 . For the mechanical tests, a mould of dimensions 4 cm × 4 cm × 16 cm was used to prepare samples and the thermal test samples were also prepared in a mould of dimensions 10 cm × 10 cm × 2 cm. The material obtained was poured in the moulds and tamped. The specimens were cured for one day in an indoor climate and then removed from the forms. Curing was continued under the air during 15 days. 
Testing methods
Density, compressive strength, thermal conductivity and thermal effusivity were measured on dried specimens in the air.
Physical test
We determined the density and moisture content of the materials. Bulk density was determined using a 0.01 g precision scale for weighing and 0.01 mm precision calipers to measure sample sizes. For each composition, 5 measurements were made, in order to obtain an average. The moisture content of the typha material was determined by weighing the samples before and after drying for 24 hours at 105°C.
Mechanical tests
The mechanical tests were performed on the specimens. The compression tests were performed using the universal testing machine. This characterization was done by using an E0160 type mechanical press with a maximum force of 250 kN. The specific speed of the force application was 2 kN/sec. For compression tests, the specimens were placed as described in Figure 4 . A compressive strength test was performed in which four specimens per mix were tested. The specimens were compressed with forces as well as relative displacements measured. Stress, in MPa, was calculated using Eq.(1)
S is the sample section in mm 2 ; F is the force applied (N)
Thermal test
All thermophysical experiments were performed using samples of dimensions 100mm×100mm×10mm. The thermal conductivity and effusivity of samples were determined simultaneously using a transient method [18] , [19] . The method used is the hot plate transient method. The different elements that make up the experimental device represented in Figure 5 are as follows. The hot plate method was then used in an asymmetrical configuration. It consists in embedding a heating element on which a thermocouple was fixed, between the material to be characterized and a 5 cm thick polystyrene plate. The whole set was put between two aluminum blocks with a thickness 4 cm. A flux step is sent in the heating element and the temperatures Ts (t) at the center of the heating element is recorded. The processing of the recording of Ts (t) is realized by supposing that the heat transfer at the center of the heating element is 1D. The temperature at the level of the aluminum block is constant. In this case, the thermal quadrupole method [20] can be used to solve the thermal transfer problem. Indeed, in Laplace's space, the heat equation no longer depends on the space variable. This method makes it possible then to relate the input and output flows and temperatures using a passing matrix. After developing the matrix products (2) and (3), the following relations were obtained: (8) supposing that the heat transfer remains 1D at the center of the heating element.
Results and discussion

Mechanical results
We first present the density before compressive strength.
Density
Bulk density was determined using a 0.01 g precision scale for weighing and 0.01 mm precision calipers to measure sample sizes. For each composition, 5 measurements were made, in order to obtain an average. Fig. 6 shows the variation of the density of typha panels according to the mass percentage of binder. The increase of the binder content in the formulation of typha panels obviously implies the increase of the density. We observe an increase in the density as a function of the binder content. The density varies respectively from 459 kg / m 3 to 500 kg / m 3 when the mass concentration of gum arabic varies from 33.33 % to 50 %. These results are comparable to the hemp concrete [21] whose density varies from 250 to 660 kg/m 3 depending on the percentage of binder (10% to 40%). This can be explained by the fact that the binder has a higher density. This means that more than the quantity of binder increase more the material becomes dense, and the higher is the density. mechanical strength increase in function of the binder content. This can be explained by the fact that more the dosage of binder is great, more the link of fibers is important, thus increasing their mechanical performance. The level of mechanical performance of the panels depends on the thickness of the layer of binder coating the particles. These results were comparable to those of the lime -hemp concrete [15] whose resistance to compression values vary from 0.15 to 0.83 MPa. 
Thermal results
We determined the thermal conductivity and thermal effusivity of panels of typha in function of binder content. First of all, we determined thermal conductivity and effusivity on samples dried in air and, subsequently, on driedup sample pieces. Figures. 8 and 9 shows the measured thermals conductivity and effusivity as function of binder content at dried status. The results show that increasing the binder content, causes an increase in thermal conductivity and thermal effusivity, respectively ranging from 0.055 to 0.083 W.m -1 .K -1 and 173.76 to 219.45 J.m -2 .°C -1 .s -1/2 for the dry panels. The thermal conductivity of the prepared materials is very promising and comparable with the commercial thermal insulators and building materials [8] . This values is close to the thermal conductivity range of many insulating materials such as wood-fiber insulation boards, used for thermal insulation in roofs, walls and floors. Likewise, the thermal conductivity values are close to or lower than many of natural insulating materials like: jute (0.0482W.m -1 .K -1 [22] ), hemp (0.06858W.m -1 .K -1 [23] ) and date palm fibers (0.177W.m -1 .K -1 [10] ). The water content had a significant effect on the material properties. Figures. 10 and 11 . shows the thermal properties of Typha materials with a moisture content. The moisture content of the typha material was determined by weighing the samples before and after drying for 24 hours at 105°C.We observe that the values of the thermal conductivity of typha panels are significantly influenced by the water content. It is the fact that the materials that we have studied are porous. The water contained in the pores of the materials has a strong influence on the thermal properties. Being very conductive, it modifies the thermal conductivity of typha panels. For example, for the typhagum arabic board, with 33.33% binder, the water content leads to an increase in conductivity of 22% compared to the dry state. 
Conclusion
This paper reports the results of an experimental investigation on the thermophysical and mechanical properties of powder of typha leaves. The goal is to use this natural material in the manufacture of thermal insulation for buildings and only to evaluate the possibility of using the new biocomposite as insulating material to reduce the energetics comsumption in buildings. As results, the compressive strength for whole biocomposites samples based on typha rise with the increasing of binder content. However, the compressive strength of these panels is not sufficient for the material to be load bearing. From a thermal point of view, we obtained low conductivities. The samples obtained have a good thermal insulation capacity and are comparable to hemp concrete -starch. The panels have low thermal effusivities so that they have a low thermal inertia. The water sensitivity of the panels also has a major impact on the thermal properties of the panels.
